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Gas states dlj liquid dl liiklj Liquid state d! ciila sLiaj 

Solid state dl (>a*j ^ 


C. SOLID STATE 


♦ The structural units (atoms, molecules, or ions) of crystalline solids are arranged in 
fixed geometric patterns or lattices. 

♦ The particles of the solid can oscillate s-cuis only about fixed positions. 

♦ As the temperature of a solid substance is raised, the particles acquire 
sufficient energy to disrupt the ordered arrangement of the lattice and 
pass into the liquid form. 

♦ Finally, when sufficient energy is supplied, the molecules pass into the 
gaseous state 

♦ Solids with high vapor pressures, such as iodine and camphor, can pass 
directly from the solid to the gaseous state without melting. This process 
is known as sublimation , and the reverse process, that is recondensation 
to the solid state, may be referred as deposition . 

♦ Certain asymmetric molecules frequently exhibit a forth phase, known as 
mesophase , which lies between the liquid and crystalline state (liquid 
crystalline state) 

♦ Types of Crystal Shapes: 

1. Cubic (NaCL) 

2. Tetragonal (urea) 

3. Hexagonal (iodoform) 

4. Rhombic (iodine) 

5. Monoclinic (sucrose) 

6. Triclinic (boric acid) 
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.. ^Ui Solid state -II jc. dlajl*-a Au^Ji ^.Ua Auldll ^ 


^ l<~- dullj ^JalLa c- ^gk Ad^a jj£dl Alld j^. jl ^gk GaS -11 j liquid -II did j^. jc. t. alldd ^^A ld.j,a 
Adi! Solid dl dldja. u' J^jju tt jlill iilli£j 4dta a£j^ ^gk ddl£ Alldj^. ^^111 jlLaill ^_y&c- 

jjc. (j-a Ajl£-a ^ (Jjij til^pdu ju ji. jl ^^dtAJ lgjl£-a jpa jV'Tu (jda (_yn Ig ’il^«a i_iddd IguV (_$jl 

j£dll i" 'I y ^^Ic. laSla-U ^^llulluj Ail^a j-a JiLjdLa 

juiSVi did j^Jl juj ^^lll Jaj|j^)ll I^jjA Igljl ja. A^.j.3 dlaij jl AuL^all Alludl ^ o^La (_$l jl juSjlc. li^La (_£ j 
(j>iaM Au3 (jl (^1 Ail_Jal i Aj jlill AlLiil Ia^ju J jdi! j£-<ua jLa£ Aslla du-d£l jl j aIjLuiII AlLiJl Jjadj 
^)-aJ jl jjAj oA^.1 j o^a jlil djk.^-» (j-a (Jjd! j£-<ua Jjdl (_£ j ^Ic. lg£.ld (_£jl_dll Jaidall (^All Solids dl 
o.i^.1 j a ja L- i\n<i\ jlill jjjdi jA j I g tu^C- j ( ^^-oLdll jl Sublimation l^ajoUJ (_£j AuLoatll j aIUjoiII aIL^JIj 


.. deposition cr^ 

|j£ da.II (_£ j) AisLaillj A \\l —«\\ AllaJl (jjj Jaj^j Alla. jj£d jLa£ e^Lall d^la. (j-a Alla. Aj 3 jl ^11 ASl-da^d 

... jLa£ J u^sil U IgJ jjkUA j Liquid crystalline j' mesophase I g-^A ( 

^ * i _gA J (JLajuillc. jj3 (Jl^dl V jjl (J£ ^gk Adi! ^!/LdaVI j-U UJjll jl Jl£dVI ^ A3^)*! ( ^~l ,a gJ (^jlll 
Adi! Laljjll (_yil jujll (Jj-a (^3 (_ja*J j£■ ( _allilL jl^joiVI (_)jiJ A^^J 

# Microscopic Explanation for Properties of Solids: 

• Solids have a definite shape and a definite volume because the particles 
are locked into place 

• Solids are not easily compressible because there is little free space 
between particles 

• Solids do not flow easily because the particles cannot move/slide past 
one another 

A^jaiLa jl I g >>)» \ L g\c. Al j£La dllli jj^JI jV dull J dull j£d Ig-ll L-lL^all did ji. jl till jlu A -^1 ^ j jl 

j£dll ^—'1 j ^^Ic. laSldu JUlbj A^^^ll jl l^u£Lal jjdd (_ja*ul ^du (jda l £ ‘ j ^^3 
(^1 J^uJl (ja (jda ^jllllljj 1 $ ‘ dt aj Aa ■ dlLa jl A3 jV dl d ja. II j did j^Jl juj ^1 j3 (^1 jj 9ja jl A^l^ (_5-jd 
did j^Jl juj dliLuuall jldc. liquid d j J Al Jg JOU l^a.dTlj dul£ ^^gill dl jlill (_>a£c. C5 lc. IgJaidal 

aI^joj 'oQ'J' * o^joj^A A-^i_dal du^ ^1 Solid dl j^l b ' '‘n 
^If- j ~'K^ ^3 Adi! did j^Jl jV 1-^ AjLall (jj Au*^al (jlj.Vd flow (jljjdun Solid dl jl Ij^dl 

,_jaaJ jj3 jkjld Iglld j^. ^^1 AuLall 

♦ Examples of structural units and attraction force: 

► NaCl crystals Z> consists of cubic lattice of Na ions attracted by a lattice of Cl 
ions, electrostatic attraction. 

► Generally: 

A. Ionic and atomic crystals (ionic bond) are hard and brittle and have 
high melting point, as NaCl. 

B. Molecular crystals (Van der Waal force) are soft and have low 
melting points, as Ar arcane gas 
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Q±i ( _ g £jjllaijJJ^ll Jajl JJ L$ j3 ^ >/i'l jjSHj ‘U«£x (jC- OjUc. Nacl dl ^3^' 

sjlj^. ^lAkiaiL Ujjoi£ (jjdj ajjs kLJ j ionic bond j' Atomic b £_jdlj ‘ jj^'j 

(jjo-aj Aj^jjA (_ix-Aal (jj£lL (_£-i_9 (_J^3 UliAkl ^_j-iJl l^C-l^jjlj ^Jli^jAjli (_£j3 (jj£i l£_9^ Cft AA _jl 4 4\II C- 

ALia jjSij melting point dlj 1 a sa51L 

Cubic uj£“ c^' NaCL dl J£d bj 



1^ dilajjjtj Ajjjoi c_s _jjij ^laCi 


DEFINITIONS 

Melting point 

• Crystalline solids show definite melting points, passing rather 
sharply from the solid to the liquid state. 

Freezing point 

• It is the temperature at which a liquid pass into the 
solid state. 

• It is also the melting point of a pure crystalline compound 

The freezing point of melting 
point of a pure crystalline solid 

• The temperature at which the pure liquid or 
solid exist in equilibrium. 

Latent heat of fusion 

• it is the heat absorbed when a gram of a solid 
melts. 

• the heat liberated when one-gram liquid it freezes. 

• N.B: the heat added during the melting process does not make change in 
temperature until all the solid has disappeared. 


melting ^dlUj ^4$ csA'J® c&d ^ u'-dc- Solid crystalline dl jl sj^U^JI Jjl ^ lukl 


<Jjl jl£ bj t 0 * ^A!La j£lilj ibAa^a ^^ixj <IjIj point 

JjsCL jl , uyj jLic. JjLoi <_$! l^a.Ua^ a ^1 ^jaII ^ j Ax >M I 5^.Freezing point -II 

.. Sharp uj^ jb£ ^ j Solid dl 

‘ ^*\..' Solid dl 4_La£ ^^^^111 (_JjCull 4_La£ jj*-a CllSj Ale- (jl oLi*-a b ^lli^/i Cllltj 

l&LijLA b ^>!A£ll l&Aic. (^AJl Sjl^pJl 4-^pj jlgj^jVI J^*-aj A-aalll (J-ia-a jjj jl j!il (Jj-aa_lJj 

melting point of freezing point 
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j' <^111 jl JjLJI t> s j'L atent heat of fusion dl 

.. Solid -11 ojLdl j* ^»l ja. AjIiV <_>aiaij 


Ajaj^la 

t5 ic. Ig J ^t£]l A*Ja3 tlllA ; l^£ Aj_jjA ^-UajCa .i*J I g J Uulj jLJlc Ig )-iVij 4_*Ja3 ^ nVi 1^ 

(_)* jV oj^Ij JjJaslA jV tdlla ? ^^aLo (_£j Sj^Ij 'Cuil Vlj A_^^p diiuA^I jA <._ acAial 

Sjl^p. L-Ltj ^dill Saij Ia^jUj dl^)g J^ajl t_lL^a]| 4 _ui£ <_]£ j] VI Sjl^aJl AajJ JA*J 
Igja Ac. jjlLa diUjjVI jl <_$l 1 g jj ^Aic- ^^Ul Jlioijj^ll (_jjC.| jl Solid dl ^Uj l_u£j1]| (-JjC-I ^1 jl c_Ja 

_ 

♦ Identification of solid: 

HI X-ray diffraction: 

• X-rays are diffracted by crystals because x-rays have wavelength about 
the same magnitude as distance between atoms or molecules of crystals. 
X-ray diffraction pattern is photographed from behind the crystals and 
then investigated. 

e^Lalla (_£Ale (> _ s dl e^Ldl Acllj d]VlAuiJ^)£]| jt dllAj j^Jl IAjaj LS~* ^ * »«VI ‘ (_>^l AjuAI jc. 1 A*_<ujj 

Jldbj ciiUj j=JI jjj AiLoudl LujU Igcli Jjldl jl c jj tu j diffraction jl I $ L»i 

^Sui ojjj.^all j ojjx^a lAij j ClliujjjAj ^jic-li dlVllui^)£ll j-a <_£.ixj <_a^)*AA Cll-yj-dl 

^C.li jj^Jl j£jAj ^Cll3^)C. Ul I^£j dllijjaJl jjj tllULabdl lgj3 


solids dl ^Lj melting point dl ^ j^4 ^1 Jd j*H ls' l -d 

# Factors affecting melting point of solids: 

Change of the melting or freezing point with pressure can be obtained from 

CLAPEYRON EQUATION 


AT 
AP ‘ 


. T(V L -V S ) 
AHf 


Where: 

S Vl: volume of liquid S AT: Change in melting point 

S Vs: volume of solid S AP: Change in pressure 

■S AHf: Molar heat of fusion which is the amount of heat absorbed when one mole 
of the solid changes into one mole of liquid. 

N.B; 

Water has larger molar volume in solid state than in liquid state 
(Vs >Vl), so AT / AP is negative value, so melting point is lowered by 
increasing the pressure 

If a pressure is applied to ice at °C, it will be transformed into liquid. 
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Heat of fusion: 

• The heat required to increase the interatomic or intermolecular distances in 
crystals, thus allowing melting to occur. 

• A crystal that is bound together by weak forces, has a low heat 
of fusion and a low melting point. 

• A crystal that is bound together by strong forces has a high heat of fusion 
and a high melting point. 



: Pressure dl j LIxa Jjl 

‘ Freezing point dl j! melting dl ^ > >»\ l jdb jjj Jajjj a£sIc. Jac. Clapeyron aj5 

J5jj J j jl Lai ^1 ^ ’l» aj 4 jm^C. AS^ilc. jl g 4_^.j3 j JaijAa]| jjj A3]}Li]| jl jjjLall jA jj 


jV Ajbdl I^C-La tll^Lsdl (_]£ ^^3 C_j^ja ^^iijjA ? i—db a Vl_$ L_L^ja ^SlaaA ^cjLdl j£j3j i - da 4 jlg_a<ajVI A-^j3 


L- ill >u ^.IfnA -Luidl AajS JbdLj (JjLudl s-Ldl (Ja jj£I Aa^jaII pLall 


JSdj.ll jLa£j ^dj] J jJiJJ La] Ajbdl I^C-La J5jj Ac-tjj ^-N-dl Solid d (JIjaJLu Lai JjLa jl Laic 63c. 15 IaaA. 

<Jc. Jddlj eLdU j3 jj bj Liquid dl Jiddl ja LL& Jal jjfbj Water dl ja ^1 LLdl ja solid dl 

((Ji) AjkU. (J£ ^^3 o3cla]l jC edbi Ajbdl #i jjjj]| ^^Jc IjfllaJJ IgjS^liA LLdl ^^3 ^dj A*Ja3 djjlaa. j] |3^ 


: intermolecular forces dl j&j ^Ij 

b eiiLj j^JI jj j. u£j ^LilLj Ldj^all dilL j^JI jjj ^^1 dajljjll jja^I ^ jV liquid d solid dl J j^l jLic 

I^jajoij j3 eiiUj j^JI j j. u£j Iajjj eiiUj j^JI jjj c1i13Luia]| 3j jj jLic. Aa j!)l]| Sjl j^dls Sjl ja. jl asLL ^Li^a 

jl AiUa 4 ajj5 J=ljIjjj jAa*j ^a aLjjja ^1 djlijjaJli jjLaVI Ija ^^icj Heat of fusion dl 
Aids La jlg-kAiil a^.j 3 jLa£j Aids AiUa ^LjjLa Aiutjja Jajljjj aLjjja ^^dllj Sjjj£ Heat of fusion 
intermolecular forces dl j Heat of fusion dl jjj L 3 jL aS^UI 

A -jd ^ jjl 4 AjjLd] AlU. ja jbbdl (Jj Sjljadl A-^.j3 j AsUall jjj Lbbdl ^jJa jjj (JLaddlc ^^dll (_ajj£]| 

lP» j*i? j^d^ (^dl (-ijd=dlj Gas d Jj^Lja Iaauj liquid d JjsJLa s jl j^ aj^j3 l_laj£I j] Solid dl 

Sjl j^Jl A-^j3 C - 'I JJ ^jJa jjj (_jd]l ja^VI Li AII Ja bllL A^Ij Aj| Aja jaJ ^ ja^J jaj 4 (^Lj (J£jaj jaj ^jjJa jaII 
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complete ^ -clIj sjl js jl \j£, Jja b <*K1I Ulaj melting 41 j boiling -5' ^ 

complete boiling j' melting 

♦ Melting point and chemical structure in solid materials: 

1. The melting point of normal saturated hydrocarbons increases with increasing 
its molecular weight by increasing Vander-Waals attractive forces. 

2. The melting point of alkanes with even number of carbon atoms is higher than 
those of odd number, this is because the alkanes with an odd number of carbon 
atoms are packed in crystal less efficiently. 

3. The melting point of normal carboxylic acid is higher comparable to 
corresponding saturated hydrocarbons, because of dimmer formation . 

4. And even number of carbon atoms are higher than odd number of carbon atoms 

in carboxylic acid as, even number arranged in more symmetric structure 
resulted in more stable and higher m.p. _ 

• This is because even numbered alkanes pack well in the solid phase, forming a well- 
organized structure, which requires more energy to break apart. ^ 

• The odd-number alkanes pack less well and so the "looser" organized solid packing 

structure requires less energy to break apart. ^ ^ _ 

5. Melting point and solubility of Xanthines 

■ Solubility, like melting point, is strongly influenced by intermolecular forces. 

■ E.g. Methylation of theophylline to form caffeine, and lengthening of the 
side chain resulted in decreasing the melting point and increase the 
solubility, due to weakening of intermolecular forces. 


Compound 

Structure 

Melting 

point 

Solubility in water 
mole/L*100 

Theophylline 

R=H 

yy> 

o^n^n 

1 

270-274 

4.5 

Caffeine 

R=CH3 

1 1 

o^-n-^n 

1 

238 

13.3 

7- 

Ethyltheophylline 

R=CH2CH3 

Me 

o 

156-157 

17.6 

7- 

Propyltheophylline 

R=CH2CH2CH3 


99-100 

104 


n 
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jb^VI ^ melting point dl molecular weight -1' S-AA < Liquid dl j* jjl* b pbLJI 

dilj_ jjj^]| JAill j^jfb dal 4 dibJjjill (j.iji]|j JAill J_j oAjA^ c a^jjuiiAl jA jjij 4 

jbVI ^ ^^A jail AiaJI Jj^c- o^L^aa ^1 j j^Jlj jjja. J£ j£ Jajljjll jjfbj C 5 ^jj 

,, Jaj|jj ■<LjIc. 4jlkjj£ (J£ ^1 jjll j-a ajJl (Jal kj|jjll jj^liA ^Ubj aLjIj ALalc. jka Al jJJ^ 

cA * 1 <ul L_n^j aAt. aIc .Ik melting point -II jj% Carboxylic acid -II jl IjS JJ Ual* <_$ j Ijj^I 
.. Acids -I' ^ j^jj ^jjll jj* 1I Sj^aj .. dimers ^ Aj^j* 

^ Jlia ^kc. j ^ ^c.1 jLII j-ak jjbk Melting point -II tij Wj '-$^ A solubility -1' if- bJ£il jl 
lg Lac. Ij ]q Jl jpi ^1 jjjk jc. l_i£j« l^£l a!j ^.1 j^-a-a b l_i£jJI 4 AjtaiLaj theophylline -II 1-^ 
laJa Ljjia dib£jJI #> I^£aj Caffeine u \bA CH3 CnL^.j H Jl dJJ jl ^^Axj 4 JlkLJ 
jl melting point -1' 4 ^ theophylline -1' JjVI 4 ^Lk Molecular weight -U 
^Jj^j CH3 ^uka. Uj 4 AlJa Solubility J' j^l !■*?■ sl^kjSj ^ja 4 jc.lk hydrogen bond -1' 
H 4 k jSlifa jV kJa hydrogen bond -1' ojj^ ^J jV 4 k^lk melting point -1' JbA caffeine -1 
o^bjll jl ^^jbkJI .. molecular weight - 1 ' *A 0 4 -^ AuA solubility - 1 ' j^*l' j^l s-£jdl ^ 
. melting point -1' J1A j4 AAjdl AjJA Molecular weight -1' 


POLYMORPHISM 


♦ Polymorphism: It is the ability of a compound or element, to crystallize in 
more than one distinct crystalline species with different internal lattices, such 
as carbon and sulfur. 

♦ These species called polymorph which are identical in chemical 
properties but differ in physical character as melting point, vapor 
pressure, density, X-ray diffraction, and hardness. 

♦ When the change from one polymorph to another is reversible , it is 
called Enantiotropy (enantio-tropism) 

♦ When transition is Irreversible , it is called Monotropic (mono-tropism). 

♦ Nearly all long-chain organic compounds exhibit polymorphism. 

♦ Fatty acids, have different types of attachment between the carboxylic 
groups in turn modify the angle of tilt of chains in crystals. 

(J£ £A jllain jka Jl oJlC-UI (_yil ? dubj JAa^a ^^C-Ija J^Ji l$J jjfbj Crystalline dl jl Ua La.1 jka 

4_i!)likl ^1 jiiii b 4_i!)likVlj ^1 ja JiJ ja jj£I l^J jj%j Jjkl ja*j ajs jV Crystalline d' j-d' 
joA^.lj A-J_yu£]| __ b melting point Jlj Lpbjdl L^.ja j-a AJU jJI j^ajL-akJI 

.. b Polymorphism d' j- ^ 
cA’S reversible ^dlikJI JUJVI ju JijaJll jj£j U Enantiotropism jj^J j^ 

. I^a j A d b j<> cAb B d A j- 

JbJJ ^ jjj Jl. a irreversible J^A B jA j^Ji j^Jl' jjA dJ monotropism jjA j 

cAb J^\ 

V 
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IgJLJa^C. o jjU£a]I I_a jAui l^£ 


ISOMORPHISM 

VERSUS 

POLYMORPHISM 


Isomorphism is the 
similarity in the crystal 
structure of different 
compounds 

Polymorphism is the 
presence of different 
crystalline forms of the 
same compound 

The crystal shape of 
isomorphic compounds 
are identical to each 
other 

The crystal shape of 
polymorphic substances 
are different from each 
other 

Concerns two or more 
compounds at a time 

Concerns one 
compound 

Cannot be seen in 

elements 

Seen in elements 

Atomic ratios of 
isomorphous compounds 

are the same 

Atomic ratio of 
polymorphic compounds 
may or may not be the same 


isomers ^ Ailik^ clL&j* ^ ^ ^jUzLj caI ^ o jUc, JjSIj Isomorphism -II 

t> u ja£I^ gi diliLlo <j± polymorphism -5' 
polymorphism-5' ^ J-ulilb <cja*j <j j jjlu isomorphism -1' ^ ^VHuisjSlI 
Jl 4 JU ^ o^l s jaII jl element -1' Isomorphism -5' ^Vl Ia£ jLk. j i ~d"r^ jj% 

isomorphism -1' ^ 'j^' ‘ cs-^ ls*h <-£*■* Polymorphism 

.. Polymorphism -II £* < ■ *hkk <_$ a ^£1 aiAj jjSk eiilij j^JI 

^jjjALall (jL^ILal ^ (j^-a-aj lAi. lAi. 4<ag<a £_£A 4i^)LLa]| 

A 
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• Applications of polymorphism: 

1- Cacao butter (Theobroma oil) 

• Theobroma oil is capable of existing in four polymorphic forms. 

• The unstable gamma form melting at 18 °C 

• The unstable alpha form melting at 22 °C 

• The unstable beta prime form melting at 28°C 

• The stable beta form melting at 34.5°C 

• The problem arises when Theobroma oil is heated to appoint at which 
it is completely liquefied (35 °C), the nuclei of stable beta form is 
destroyed and the mass does not crystallize until it is supercooled to 15 
°C and giving the other three forms (gama, alpha and beta prime) that 
melt at room temperature (not suitable for suppository manufactures). 

• To solve the problem , melt the base at 33°C (not completely melted) as 
where still we have sufficient amount of beta stable form is not melted and 
acting as nuclei, and when the mass is poured and chilled in the mold, a stable 
suppository of beta stable form is produced. 

Theobroma oil Jl j*j Cacao butter-^ j&j JjVl jjfegjag! 

o^Lall (_jl .all " UL^Jl (_)j l i (. j jjJaiA j base ^ r -l ' ‘ 1 $ xiALJi . aij o^Lall 

. <_$! Polymorphism dl V&l* qa ^lam 

lgj| <_sa si-all aKAm jSl ( Fats CP e^Lc- l-giV 1 ga-a>m Base Jl CP ‘ ‘’A _jjlil JJ Lai 

LViK ,L ^1 L_lJa ( Lmll Stable afeiS oAm jll i ^»j|^}J Lm j Lal_^.j Lmj till i 1 ^^3 A^.1 jm 

Lujij cvsl joi base Jl ^jl ^VL t Lmll jl g ^ il ^^111< V o Aic. sac-UII cf^p dal Lilli ? 

cA* W^V ‘ l&^cLu l ^1 cAa ^LilLj unstable form dl clIj^jI 

Aic. ^^3 4'\ ;Li-v ^jl ^jV j^J^ill ^3 jill Li- n. 1 (_)La Al£lj j^J^ill ^^3 1 _jl VI Aa^jA 

lU*-L ^jdl JlSj Imal J^ll jl£3 1 ciijj£j| unstable form J' j' 1 0 Cp Jal Sjl 
stable ^dj lAjjs-^J> beta stable AlA 1 lS^ ^LilLj Jaj YT J melting Iaa^ 

SjdUl Uajc. cacao butter J' jV stable uj£“ base ^aua lS* ^ddl l^AklJ jl ^Ulbj 
‘ beta stable AsjA <ci jl beta stable dl Unstable forms Jl ojj IaS a»j Jjaall 

.. JSLLa j ^jjJI j Stable J cl!_ pLI unstable forms J' u' ^A' 

2- Suspension Technique 

• Cortisone acetate has been found to exist in at least five different forms, 
four of which were found to be unstable in the presence of water and 
which change to a stable form. 
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• Since this transformation is usually accompanied by noticeable caking of the 
crystals, these should be in the form of the stable polymorph before the 
suspension is prepared. 

• Heating, grinding under water and suspension in water are all factors that 
affect the interconversion of the different cortisone acetate forms. 

Suspension dl jl Jfadl ^^11 dadadl 
0 ^ pp 'jdl ‘ cortisone acetate suspension ^ aLuCos \p <ua 
stable forms d *ldl AiLjal I jJI p unstable dl £ Jl ? unstable forms p * pp* 
4 _iLa*j i_j C5 %j stable d Unstable dl Jjl tiUli ? ^ a K j. « ,a \ l <ul jl*. jjjaj^La i_Ja < 
jll £la ^ j_£j jjI suspension dl ‘ Suspension dJ caking 

^jLa Ac-^aJl ^ Anj (J^LLa L-Ujolajj £^)J| ^ i.i ».^1 aj^ill ^ qj^Iaj ^^lll j 

j„>i^|j L^aj (JjcLil ^^Ul qjli stable form dl jlikA tiilli ? 4 K.All j_A ^1 i_aL t j u>».a 

.. ^ 4 j£Aall j stable d unstable dl JId Jl a suspension dl 

cijdl»—aj*j ^ .. Amorphous dl jc. * Crystalline dl jc. j^ ^ 

‘ amorphous J^d' j' Crystalline J^d' uj^ ■d Solid dl Cp upp ^ ^ 

? iu (j^)dl I_iJili ^gAjjLa 

♦ Amorphous VS Crystalline: 

Item 


Energy 


Solubility rate 
Melting point 


Amorphous 


High 


_High_ 

Low (not definite) 


Crystalline 


Low 


Low 

High 



AMORPHOUS VERSUS CRYSTALLINE 

Amorphous 

Crystalline 

Irregular pattern of ions, molecules 
or atoms in a solid 

Regular and repeating arrangement 
of components in a solid 

Melt over a range of a temperature 

Have a sharp melting point 

No definite heat fusion 

Definite heat fusion 

Examples include glass 

Examples include diamond 

Called isotropic 

Called anisotropic 
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A A° ja. jl 4 \y a \ o jSluix Aa A*^ 1.1a. AjJIc. l^iaUa jj£u aillOrphOUS -II Jjl 

<jjl-La ^Ud cii 3 j qa jj*"'"\' A*^ Siia-a melting point ' A A^j 1 -^ ^'l .j A' 4 -a.ji jl-^j L . AA' 

44 JL&j ^IkijLi aji l^jliija. jl 4144 Jil Italia jV A°' 4444 jA4 AH Crystalline -14 

Ujjx* melting point 

AH 0 j_ 4 ^»ll A ^Jalj jaL a ,jj diAiij ^kiLa iS t\ js A Ailjia jj£Sj Crystalline -1' u' 

•AA 

j^al (j-j V t IiS jjc. j g ^aiL A' Jjal Ls i^ S-na* melting point 44 l£* Amorphous -1' 
44 uA4 AH Crystalline -1' A^ *44 A.AA* A*^ c> A A- 5 ' JA' 

4aAj Aajl 

• Pharmaceutical applications of amorphous forms: 

1- Antibiotic Novobiocin 

• Crystalline form is poorly absorbed and has no activity. 

• Amorphous form is absorbed rapidly and therapeutically active. 

2- Insulin 

• It is preferred to prepare a mixture of amorphous and crystalline forms. 

• Since amorphous dissolved rapidly giving fast therapeutic effect. 

• While crystalline dissolved slowly and give its effect over longer period. 

Amorphous VIj Crystalline A jAs *jl J^=aVI t jc. ojUt Ijj jA Id 

? 

Activity -II jjt-® A ll£ jLuic. j (_j.lijj ^c-^ 44_5 (_ 4 aIL< 4 J jA4 I_j 0 ll jl ^liaA Aj£I 

Antibiotic A Novobiocin -II <_$ j Amorphous -I' A uA 'A' u' <-AdA A4 ‘ 44*H 

lab ^jiaJjdl A^i ^1 (Ja t j£jdl ^dljoj 4il 4-ic. (_aj^)xdlj jd jjoijVI (_£j <A^ IC 5 ‘^ c- A ‘■A 3 
j 4 AasIojI ^ jV 4Jl_aJl A ‘ f j 4 ' (A J o^a Ijdl lab o jjlc. A^*> Oj£I ? jjj£ 1 il£.^)a 

Acute-I' Isj'jfdl dla A jdb (jSa .1 jbic. t Crystalline -II j Amorphous -I' £A uAA^' 
AH A amorphous -IIj 'A jdb ol*^ ^jV l^a £ • • jl Vo . 0 A cs-As 

aj£I 4 AjA 3 ®A^I ^daljb A 0 j* Al' Chronic -II <—iVI-all A ^-A 3 ‘ " b jAI AA 

A JjjaaVI l J A Aj£ (AH j* Crystalline -I'j ‘ AjA 3 * AI A-Aj Ijdl jl Aa 

Chronic cases -I'j Acute -I' j'lAV' c> Combination cWd 


LIQUID CRYSTALLINE 


♦ The molecules in liquid state are mobile in 3 directions and can rotate bout 3 
axis. 

♦ while molecules of solid state are immobile and rotation are not possible. 























BEIN CEUTICS 

« 

SUCCESS TEAM 



# Types of liquid crystals (according to mobility): 


Semectic 

• The molecules are mobile in two directions and can rotate about 
one axis. 

• It is the most pharmaceutical significance (mixture of surfactant, 
water and nonpolar additive) 

• The molecular centers of mass in semectic are organized in layers 
and the movement is restricted inside the layers. 

• Semectic is found in lower temperatures than the nemactic 

Nematic 

• Molecules rotate only about one axis, and can mobile in three 
dimensions. 

• The crystal molecule has no orderly position and are free to move 
any which way, however they have no specific order, during this 
phase the molecules do tend to point in the same direction. 

• Nematic liquids is the most commonly employed phase in LCD. 

ifttt 1 & 

IWiA 

W MNdMkl 

Nematic Phase Smectic Phase 


♦ Classification of liquid crystal according to the formation: 


Thermotropic 

• These result from the heating of solids 

Lyotropic 

• Result from the action of certain solvents on solid 


^3D ^Liquid dl j' bills ?<_s' j''Solid dlj Liquid dl s-jL 

(jjj AiLoidl j t-II j-iU 1 g 'lltil jVn; ,jLa Abb Ajlil^i. ^^lll Solid dl ( _ s ic. CIiIaL^jVI cK 


Ua Ju& u^I l$d j Liquid crystalline Ia j^ Liquid dlj Solid dl aIU. aJ j) bills e_±L 

j aA^II aIUJI jjj ^j (Pseudo liquid) cl^Ldl jl mesophase dl 

-LfklLi liquids dl j idI^ jUj ja, j£l Solids dl ^ j 1 $jUj j*. JfLi ^ l_jjjjj l$d l$il ^LJ 
LjAfa ? <_$l l^tljjl (j\ <—ijJij .. ^Ijjl l$dj ..Jjlj*dl (jj ls£ fluid I g^d jjfLuj ^W uj%?j 

; qac .^1 Igjc-lb dilij^aJl a£j^ oL^jI (— um*\ C5 Jc- (j-ic._jil l^ujikL 

cjUj jaJI aj 3 jjfLu bj a^. 1 j cJ_p. (JjaL^jI ^ a_j3 a£j^JI ijjfei bj semectic 4-**d : JjVI p jdl 

A^.1 j (jjfLlLa (_£ j dlaJ (J^dJ (JkjS ^llaJ ( (Jjij (jjAl_ij| (jc. ejbc. (jj£lj I j (_paa.ll <_£ jl J* (JSd.i AjjjILo 

^ t jj i -a ujujj 1_a1 ^ ^^ ^ d 1*^ 1 \^% n ^ ^ \c^ 

Soap like jldic. semectic dl b ja t l$i* ls£ , -uyb 

> r 
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a diULaJl VJI ^ (ji Sj-dl qjii j jj^ Jja. PljaiL AjUjj^. bj nematic 

4jjlia oUjI fj\ ^ a£ jrsJI Lja. jla jj%? (J** b ^jillj Semectic dl <jj o*i 

.. Semectic A? 

^ UUj>>». jl bj thermotropic .. egkft ! i^ua. t5 ic. l&liAjaia jJ c t nL 

AjLall o^Lall 4-Ijjua <_Jc.lij (_j-a lAl j^) t. lyotropic _$l Ajli-aJl ^all ^jl * j.^ aj| jl ^jja. ■ aJ 

.. s j'j^ ls^ thermo j solvent <^5 Lyo ^ 

* Properties of molecules that for mesophase: 

1. Organic 

2. Elongated or rectangular in shape 

3. Rigid 

4 . Possess strong dipoles and easily polarizable group 

l liquid crystals t$< j' tsj» t$< Ja lJj 

ac. cU>l e> i_£jj% Ail I^aI 4 A^aU. Jajjji aJ pjV mesophase uj^j j-d' jbic. t V 

jjUll (_5-b- ojiill oAic-j ^; ba e_ib<aj U_9^J Al^iuj 

♦ Properties and Significance of Liquid Crystals: - 

1. Some liquid crystals show color change with temperature, so it can be used to 
measure body temperature. 

2. Nematic liquid crystals are sensitive to electric field, so it is used in display system. 

3. Semectic mesophase used in solubilizing water in soluble materials. 

4 . Liquid crystalline state is lipoidal forms and found in nerves, brain tissue and 
blood vessels. 

5. Atherosclerosis is diseased caused by laying down of the lipid in the liquid 
crystalline state on the walls of blood vessels. 

6 . The three components of bile (Cholesterol, bile acid salt and water) 
can form semectic mesophase and this may be involved in formation of gall stones. 

7. Liquid crystals have structure which believed to be similar to those in cell 
membrane, so liquid crystals used as biophysical models for structure and function 
of cell membrane. 

? liquid crystals dt AxaAlj p^ajl^aa. (J I lJs 

^iLa ^ '-j 4 ^jaiaJI Sjl^)aJl AajJ L-buia. Igij] jjijj Sjl^aJl Aa.jJ ^jaba o^.a.1 ^paxj Aj3 _) 

j !)liLa (jjJ eg U'V . * 1 2 3 4 5 6 7 ^^ Aic. J J^^l (jjl j_g *n\n VV Sjl^)a. A_a.^p Aic. j!Laj-aj!i]| 

Igjlc. £jl^)ll j»^aJl ^5-Ul LiLill jl l^£ jtlaiVI LiLi (jj ajjdl dlLiLij Ajjjjli£]VI fij^VI T 

^^£11 jUll (jk l^jjl jji jjj liquid crystalline uj^ » L ^!^lj djljj^l 

elilx-LdlJ AjjoiIaII diWIj Laj^ill di!>Liljj-a]| J ^J^ll jLiill lAa. AjoiLua. C5 L1 j AjV l^L-aJjj 

. A-La3jll 
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. 4-iLdl L_ijAL t jLa ^^Ul jdl (jJ-ia j\ t_ iQ^ ^ddaid SeilieCtiC dl .Y* 

4jC.jVI_ 5 c '1 i ^»r-*yI i_'~ 111 ^ diljjda qa (j^jda (Jdid (> _ s ^3 4dA3 \d (jV l-ij . £ 

y-a tiil_La£ ^£lyi snjou .ilAdl jl l % aL^oj (_P=j-a j atherosclerosis AauiI u^j* . 0 

d j* ^d dial* l 5 j liquid crystalline dl ylddj Ajj^dl aaac. jVI ^ lipids dlj yjAdl 

<Llj>adl 4_iC. jVI ( _ 5 3 OJAJ^ dll-LaSj IgA^ljJ C-AJjaU C_ kdi idjAi. L- l±uH& 4 4d&3 

V Jli 4 ^!}Lalj f.Laj (JjjluJ(jj^nj ^^AJI j Sjl^-dl i gk S3j^.jdl Ajjl^)ik-a]| SjdajJI yl ^1 AildaVd . t 

(JSLio I j^j oJ jdl ^ Ija^ jli yd^ ^1 jd liquid crystalline d IjljdL yd** Jja dU jd* 

.Sjl^JI dll(_£ j 

^ lg-*AkdJ yd^ ^Ubj < yldVI ^ld <_sjdd c-Uiill jl Cell membrane dl jd <ud l^^dyi .V 
y* Jai 4a1c. i_ijldi Jj^.1j yLdVI £-ld Cell membrane dl 5_£U^a J-ac. jl 

l-j y j ■ ^dl .^-3 ~ \l dlLi^jda ^hVud 

..AlAi. yl jic. id_jd Jdci 


Phase Equilibrium and Phase Rule 


Phase rule: 

It is the effect of the least number of independent variable (temp, pressure and 
concentration) upon the various phase (solid, liquid and gas) that can exist in an 
equilibrium system containing number of components. 

Phase: 

It is homogenous portion of a system that is separated from other portions of 
the system by boundary surface 

♦ Phase rule is expressed as: 

F= C-P+2 

Where: 

S C is the number of components 
S P is the number of phase present 

S F is the number of degrees of freedom in the system (which is the least number 
of intensive variables like temp, pressure, cone, density, refractive index, 
viscosity) that must be fixed to describe the system completely. 

IjL^as ^j| 4 (jd*j C5 d j 4 jLo j cdy Cn-N jl yl t aIaL Phase 

Ig-lS yld 1 ghad Ul |3^ <daA j iiU tjjku nj j^l (Jj^alill j Phase 'i«a AdJa 4 yddla 

ydfljla]| (_jaj 

System ^ dljjidJI iic .jdb AiAdi y> d^JI tillti ? Phase Role dl d^JI ^1 t-d 

Jaidallj a jl jdl jdb (djdl jjlc. .. (jdau £a Solid & liquid & GaS c> U 

^c.ld ^Udll 4 dajl (jldc. i ^ ,hi ^jl ^li __ ^lyl d jdi& y^yillj 

^ i 
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jl j^al dil jj*iall j* Jal a 2 o JjL bj Degree of freedom A^.b>. Ad c jjjlill 

, jj£ jillJ Jo*_d2lJ Sjl^iJl AajJ <_£ j (J-al£ C L.oj ^UaiSI 

" La A-p-al A L_i\ tu-s\ jAjill] ALlill ^jall ^A " jA j UI2I tff ie ^jaJb l^£ i—SJjdi Adl£ dul£ ojjli£2l 
.. b fV21l l«da Phase rule 31 AJial <-aJU j 

1. System Containing Water Only: 

C=1&P=1 
F = 1 -1 +2 = 2 

• Indicating that the degree of freedom equal two which means that 2 variables must 
be fixed. 

(_gjldL p 21 ibl ) dlLiAit j ^ dlla22l ^JLilbj f^yii AjLa L- AjS (JjL a ^^C-Lij aim 1 ‘'ll liA 
.. jj^jlillj Sjl^iJl A^jJ (_£ j JaSa (j^lalc. JJC-I (JiiVI j^ LT^® 

2. System Containing Water and its vapor: 

C=1&P=2 
F=l-2+2=l 

• The degree of freedom equal one, which means that one variable must be fixed 

jAmadl ^Jjik j j-a jdiVI AjLallj jLk2l jV ? t ^jma ) Ia^^C- Components -11 (J-alc. A2 bLaiaj (JLmlj Al£l 
^221 J oA^lj ibLa e^Lall (_jjd jpi AaLA ^ (JlSdl jc. ojbc. jl 

olmall (j^J (Jjjdi]| A jbc. jV Sjl^aJl A^.jJ jfL2 J -^.t J (J-alc. jJC-l ^1 lAbxm ) _j d la La F 21 LiA 

AjL 2 Jjadj ^2 C V'iVn jLk2l ^.jjj VI AjL 2I (Jjdi Lgj| Sjl^aJl A-^.jJ t5 lc. Aaitb jl_k2lj 

3. For system containing water. Ice and vapor: 

C=1&P=3 
F = 1 - 3 + 2 = Zero 

• This indicating that the degree of freedom equal zero. 

• This means that if we tried to change particular conditions of temp or pressure 
necessary to maintain this system, we will lose the phase. 

3 i_i JUdl 1“ jc 4 jbc. i_j a*.Ij Component ajL 2 Ij jLk 2 lj ^221 jl jja j 2 jla Am 2 

t jdd J-alc. Vj Adb Lff kil Jaljxll ^jV jl oU*mj F=zero dl ^lkiA jjjUll j aj ( phases 

. (JId j ajjjLjj .vmja System -II jai*j (Jjmxa. j] jV 

4. For system containing Liquid ethyl alcohol + Vapor: 

C=1&P=2 
F=l-2+2=l 

^I2a2l Alil JJ kala.I jLmC- Li A^lj (J-alc- jd-l ^Ld-a llA 

5. For system containing Liquid water + Liquid ethyl alcohol + vapor: 

C = 2 & P = 2 

F=2-2+2=2 

• Ethyl alcohol and water vapor are completely miscible. 


> o 
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liquid ethyl 31 jUSWater + Vapor -II L*a ^Jl\ Y jlunj Components 31 ^ Ua 

Y bj alcohol 

(jjjifL ^jLa t5 Hnlb J AjLdl ^ Ia^. l_ijAu b JJAVI ^jV T jb^ Phases 31 J 

(jiU ^jA ailc. jjc-I ^ba-a ^Iblbj Vapor -II aLA ^ViA 4.'+)->\lj aIaL jii*A 

6. Liquid water + Liquid benzyl alcohol + vapor: 

C = 2 & P = 3 
F= 2-3+2 = 1 

• Water and benzyl alcohol are two liquid phases but one vapor phase. 

.. J^3I ^ ^3' Phase 31 j 2 phases V 331 jV 3 Phases 31 jjc. Ua 

cjjjASI ^ AAibll phase 31 j a^.1 j phase jj+*+ 433'j J33I <jV X jjlu Components 31 ^ 

JaxjJa]' jl (j^3 j (JjU aA j (J-alc. JJXJ Jblbj 


System Containing One Component 


The phase Diagram of Ice -Water-Vapor System 



• OA3 Is vapor pressure curve, its upper limit is at critical temp (347 °C) 
and its lower end is triple point (0.0098 °C) 

• OC3 Is the sublimation curve, at which vapor and solid exist in 
equilibrium 

• OB 3 Is the melting point curve, at which liquid and solid exist in 
equilibrium 

• If the temp is constant (more than critical temp), water is in vapor state above the 
critical temperature. 

^ n 
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• At temp below the critical temp, water vapor is converted into 

liquid water by an increase of pressure. 

• At temp below the triple point, vapor converts first to ice and 

then into liquid water at higher pressure 

• At the triple point , the three phases are in equilibrium because all 
phases have the same vapor pressure at that temperature. 

3 phases Water dl ja ^1 One component Cf- L^LL Ba 

jjl -N-dl j JjLdlj ^^ddl^ L_lLa]l 

.. ^jb IaLl*_* <_i^1 Triple point dl j*j ^ ^ O-ll Ld.^ .. J u*Wi\ Lj <_i jA II ^ jLd 
i jjiiLac. La jl jiil <ULa. ^ nj (jjfLijj liquid -IIj jl_kj_ll jjj jj^alill i_jjj£ll IaUs-o OA JjSI Lai 

. JjLd jLkdl Jja.1 jir. j] condensation « - j' jLl 2 JlLdl Jja.1 j jIc. jl evaporation 
4 jdlLaJI jjU (j^ui Ua j Solid dlj Liquid dl jjj j^lill <—ijAll ja jjfbA OBdl Jldljj 

. Freezing s-iLal JjLoj j* jl melting JlLd l_iLo ja Lai 

Lai (jjljLc. (j^-a-aj (jl j!il Aaj jjfbj jJj *•. J jlill j-lJ i_L)j£ll L OC jlblLj 

. jUJI (^a j deposition j' * jl*l ^j Sublimation 

? 4i«-a 4_kli ^ IjaJalsjl JjJ VLl! jl i_lh 2 phaSCS j£ jl jjl (_gAc. Jajj lJSjj£ (jl llagj i_Ja 

lit jj£L (jdlj triple point l g.y^A ^1 j o^v> ^ 3 phases dl j j'jj JiajA ^ Chihli jl cdlli 

f*d jj% phases dl AJaidl .aic. j o.Ol <-*.j£ll ^ I $ nLL U. I jU^ ^Ij 0.0098 

(_£^)l_kdl Lit . >ill (_^uij 

ij\ * 2 phases j£ jj'i 5 ^ U^c. jj% ojlj^ <_sLj Critical temp dl l$^l 
.. (Jlidl is lc. i jIaj 2 phases dlj <jA^' d jj'jd' c l^a 

o^t ‘ Vapor d J_pLl Liquid dl J£ j' Critical point dl j>a ^1 Sjlj^JI a+ji j jSj Ld 
c^^La Critical temp dl j- ^1 j^ ek^Jl j] * Critical temp dl jl Critical point dl ^ 

.. Vapor jc- ejL^ ^1 <jd^' liquid dl 

^LilUj (_ijAll JLaj Critical temp dl j^ Jal sjlj^JI <*. Ln'S j Jj^a. ,jA*l\ jl j£] 

.. JaiuJall o^Lij ^a Luqj>^ts liquid d jj^JJ IAjjA jLkdl 

tdc-liL jLdl jl (^^iLAA i Triple point dl Aic. Sjl^aJI (j* jal di3l£ tdjc.LL s^l^aJI 4-^p jl j£l 
Pressure dl j j jl ej jja jl 4 «-i jAl lx. \A i_±L diagram dl JUL. a^cla solid d J j^l 

. liquid state db (_k>UJI «. jaJI ^ ekjL ? jjd ^lLI ^1 solid dl 

• Application of phase rule: 

1. In any one of the three regions in which pure solid, liquid or vapor 
exist 

P = l&C = 10F = l-l + 2 = 2 

therefore, we must fix two condition such as pressure and temp to describe the 
system completely 

\ V 
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2. Along any one of the three lines, where two phases exist in 
equilibrium 

P = 2 & C=1 OF = l- 2 + 2 = l 

so only one condition needs to be given to define the system. 

3. At the triple point 

P = 3&C=1 OF = 1-3+ 2 = Zero 


♦ Pharmaceutical Significance: 

• A mass of ice can be converted directly into water vapor by increasing the temp and 
where the pressure is under the triple point This technique is known as FREEZ 
DRYING or LYOPHYLIZATION which is applied for drying heat sensitive 
products such as blood serum and some antibiotics. 

, S aVi-v ^ jjiaiLa V V Ibc-lb Phase rule 31 jjjaj l jl 

Aic. iiujoia. j] t Liquid region 31 !>liLa q £3j ( _ s ISI jj]alia]| ^ AaLia diL^ia j] JjVI <3.^31 

Ul l ^£±! \ _j F 31 UU-a 6JC.U1I eimk j]j ^ Phases 31 j ) Component 31 

ki 1 31 J SjlpaJl (jfijj ^C-li I flj^ajl (jLuiC. (jjLalc. d' jl ^lja_a 


Solid 31 (J4J C_aj3ll JlaAJ (j3 OA j£3j Jajlvsll (ja Jab dl^aa jl AajlllH A_la.^)all 

l_ijI (_ 5 % \ _j F 31 ^ one component j 2 phases lS^ u' ‘ Vapor 31 j 

^»lia3l l_S^)C.| j3j| (jLkic. ,l3_$ (jalc 

one component j 3 phases lS^ u' triple point 31 efL* * jl <3131 aKj3I 

J3 Water + Ice + Vapor 31 Jlla ^ Uobl L. <_$ j JJjjJI da3l F = zero 31 

F 31 <-aj3 till j£j tr^lU joU j 4 n» a <Jakj ^glc. !3La ojjb 3a*J j 3 tiilliaj (jl ViaV I jbaa dllla 3j3l 

.. uj33I ls* o^y^j Phase Component <3£ <3 kL33l be ua bbli t 

. jaVi 4_ilac. j Lyophilization 31 lg-aj3 A^la. ^ aiLa *3115 ? I j ^ ^aa j3l j>a jl jlibaA i_3a 

jjfL JaiuJall (^jlc- ka' -s. - * SjlpaJI e3_J j (Jjj^)la je 4_l jU3l 4jla3 <3t-a]| AllaJl ja 6.33] LgjS 

S_ 2 kjj dijjjj <3 j^ 3I 3JL3I (ja j3_j diilj b ^3JI diAjla jl t 13 (_ij31lc. triple point 31 ja Jal 
Solid 31 Ac-lb AllalaJl (ja o^jdlla b3iij| (iLaflj ^gSL^lit Triple point 31 lJMu JaiuddLa jjAj ^jaJ Sjl^aJl 
.. liquid 31 Aiiaia ^3 a Jabjall dj^jj jl Liquid 31 ^ ^ Vapor 31 ^ ebbj 

A_^I^)J ja^slj <—aj3]lc. 

phenol 31 j Water 31 Ua ^1 2 components ^3 System ^ ^^ 


^ A 
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Two Component System Containing Liquid Phase 


Water Phenol System 




One liquid phase 




h 

SS3 Water (A) 





cm Phenol (B) 


£ 

a 

r ■ ? t \ 
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e 

! 

iron! 

1 Two liquid phases 

\ 0 
l\ 



g 

' 11 % 63% 

1 Phenol Phenol 

/, 

1 \ 

1 \. 

1 1 



0 

20 40 60 80 100 

Phenol in water (% by weight) 


• The area inside the curve will be immiscible solution, while area outside will be 
homogenous solution of water/phenol. 

• The maximum Temp on the curve is called Critical solution temperature. 

• It is the temperature above which homogenous solution will be obtained regardless 
the composition of the mixture and it equals 66.8 °C 

• Starting at point A, the system is 100% water at 50 °C, then addition of increment 
weight of phenol with fixed weight of water will form one layer (homogenous 
phase) until we reach point B, where further addition of phenol results in formation 
of two immiscible layers. 

• The upper phase will be water reach layer 

• The lower phase will be phenol reach layer 

• Continues addition of phenol until we reach point C the situation will be 
reversed 

• Once the concentration of phenol exceeds 63% at 50 °C, a single phenol- 
reach liquid phase is formed. 

^1 ‘Cnjljji L—luij ^k jjjjlJI j i j4a-a AjLJI ^k j\ns\l Cijbj j (jl Ua^)C. Ul£ t 

*^£ll a(^IstJ Ajc-Ijj CijLjJl 

outside the j Area under the curve j' Aiki* A*\Sk <^111 c_ijl 

t 4 jLo tfic-liL (Ji^la.Jl (_ya ) * « (j^fJj A a laklH Aic. (jl cJJla ; cJjVI l^>j lAAalj t curve 
jjjjaUll \) Jl j 1 T eiiL AjLJI ^^^Ja B ^JaiJl 4jc. Llua. j] ? AjLo (al^>a. V £ C5 JI j 

) + VV (_£ j aAI (_^l ^Jla ? ^^Jl (_$] JLal tJlli i l_i jAa JjiJll (jiuiijlLa AjjoJI tJlla t Jjiia 
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Jjj^^. + it jaJ s + v. ji r+ v\ j, \ + vy _,! 
Jxj ^lll (J^ .. J(jljjil ^ajoii V Ajjoiill (jV ^ ^ + *t V _1 jjilk^ajILo .all (__)jijl_^ILa 

(_j«Sa"nA 4 AJaSJ (_£.} 4 AjLa ^ ^ j (_]_jija "l V ^lll C A Xi's l\\ (Jj^ajjLa AaJ 4 

(^1 t j^J 4 ^L^ajV 4 (-_SjA]| l")V) t_Lau]| JS 4 4_ajj£]| Cl±2kJ (j-a J L_lia ^ijj lA^aJ 

Ajbill ^ -*''"v i ^ \\ l 4 a * b\ l ^A ^ ^a n a 4 Ajl^all ^(_) *'ifll l [*) l i* i ^ no iti\ . ^a *&, ^ 4lX i a^ '*\! I ^ y -s. 

.. l3j* 

A-^.j.dl bllla 60.8 (jA aA^.1 j 1.1c. La al^a. A-^.j.1 (_£Aic ^ tli^j b ^l£]| (J£ tillla (jjiJ 

60.8 b ^ajllj .. j£. jjII jl£ U$-* 4 ^l^la ^ a 4 AjLall j (_]j^j^l £^Lij «a 

jjL^la X phase dlj ^ Component dl u' ? ‘-dj^' c^sb F dl blhla jl ^da 

Y i_J ^giljA F dl ^Lilbj 4 (jj^fXa 

V _J F -JI A-aja ^ILaJJ (j4^jlAa (jLuiiC. 1 _J P _1| j Y L_1 C -Jl C5^fJ Y ( blhla ^jl (_j^l 

^al^J IJ^. jl l^)J F -il ^\>a-sl bll jSjj b 4_aj4^1lc. JIjjoj C_ (j^a-a 

• Applying the Phase Role: 

HI One Layer System: 

F=C-P+2 

F=2-l+2=3 

• because the pressure is fixed So F will be reduced to 2), so in 

order to describe the system correctly, it is necessary to fix both temp and 

concentration to define the system. 

HI Two Layers System: 

F=2-2+2=2 

• because the pressure is fixed F will be reduced to 1), so in 

order to describe the system correctly, it is necessary to define the 

temperature to completely define the system. 


States of matter 4 c - 1 ^' Sj^aUJI l^j 

Q—IaILm A *1 A J 



















